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Smallholder farming (SHF) currently faces major challenges of sustainability to ensure food security while
improving environmental conditions. Sound management of crop arthropods is central to SHF sustainability as
these provide both services (e.g. pollination) and disservices (e.g. crop damages) with significant impacts on crop
production. Understanding the synergies and trade-offs between arthropod services and disservices is key to
achieve crop sustainability yet information about this important issue has never been compiled and analyzed for
SHF. Here we review the recent literature with a specific focus on three key aspects of sustainable arthropod-
management practices, namely 1) the systemic approach of the studies (crop vs. landscape scale), 2) the joint
consideration of services and disservices provided by arthropods, and 3) farmers’ involvement in the research.
We found that most studies were performed at crop level (70.2%) without consideration of surrounding habitats.
Moreover, services and disservices provided by arthropods were generally studied separately from each other
(51.6% of articles) and were mainly focused on crop pests (34.6%). Farmers’ knowledge was seldom considered
and mainly concerned pests and pollinator-related services (20.5%). A majority of publications (73.8%) did not
effectively involved farmers into the research process. Our review stresses the need to develop a more holistic
view of arthropod management in SHF, including both the reduction of disservices and the enhancement of
services. Furthermore, it would be necessary to promote transdisciplinary approaches to better articulate

knowledge on arthropod ecological functions with farmers’ needs.

1. Introduction

Worldwide, agriculture is facing a double challenge of increasing
productivity and developing more sustainable ways of food production
(FAO, 2003; FAO, 2014). Small-scale farming practiced on relatively
small plots of land is the most dominant form of agriculture, constituting
more than 70% of the global food production entities (Samberg et al.,
2016; FAO, 2017). Family farmers with small landholdings represent
about 80% of the world’s farms and account for 85% of global popula-
tion involved in agriculture (FAO, 2014; Lowder et al., 2016), mostly in
low and middle-income countries (L&MIC), with strong strain on natural
resources and pressing concern for food security (FAO, 2016); and
addressing multiple goals and targets contributing to achieve the Sus-
tainable Development Goals (SDGs (FAO, 2018)). Although widely used,
a unique and unambiguous definition of smallholder farming (SHF) still
remains to be established (FAO, 2017). It currently relies on several
criteria, mostly related to land endowment (usually 2 to 5 ha threshold),
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labor productivity (i.e. familial) and income (FAO, 2017; Lowder et al.,
2016). The definition of smallholding is however context-dependent and
can vary according to socio-economic, technological and agroecological
realities (FAO, 2017; FAO, 2010). SHF systems are highly diverse in
terms of climatic, ecological and socioeconomic conditions as well as in
their structure and functioning (Steward et al., 2014; Scialabba et al.,
2014; Altieri, 2004). Still, these agroecosystems share certain properties
like high levels of biodiversity and complex landscape composition
(Altieri et al., 2012), key role of family-managed farms in supporting
local livelihoods (FAO, 2014; Samberg et al., 2016; FAO, 2017), man-
agement methods tightly related to rich local knowledge system or
shared cultural values in common social organization and strong
adaptability to changes, sometimes in high risk environments (Altieri
et al., 2012; Salcedo and De La, 2014). These agrosystems are also a
leading representation of human-nature interactions and feedbacks,
encompassing material and non-material benefits for humans as well as
threats or unfavorable outputs (Altieri et al., 2012; Diaz et al., 2018;
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Brush, 2008).

As for other ecosystems, long-standing interactions within SHF and
their ecological functions provide direct and indirect fundamental
benefits to humans, through supporting, cultural, provisioning and
regulating ecosystem services (ES) (Millennium Ecosystem Assessment
(Program), 2005). Because of the strong interconnected natural and
agricultural features in SHF, unsustainable practices may undermine ES
on which smallholders depend to meet urgent needs in contexts of great
vulnerability and weak institutional support. Food production on SHF is
strongly linked to biodiversity-derived services as increasing the levels
of artificial inputs is not economically viable for resource-constrained
households. Therefore, options to maintain or improve production are
rather linked with improvement of the amount and integrity of
ecosystem regulation and supporting services (International Fund for
Agricultural Development (IFAD), 2013). Food production, especially in
SHF, depends on a wide range of ecosystem functions including nutrient
and water cycling, pollination, competitive interactions, and matter
decomposition. These functions are fulfilled by several agrobiodiversity
components, particularly arthropods. To date, research on arthropod-
related ES has mainly focused on well-known functions and performed
by charismatic or iconic groups such as butterflies, hymenoptera or
beetles (Noriega et al., 2018), even though a large part of global crop
production depends on pollination from bees and wild pollinators (Klein
et al., 2007; Rader et al., 2016). Pollination also contributes to economic
welfare and to rich and meaningful cultural and spiritual life for a large
population (IPBES, 2016). Along with pollination, biological control is
one of the most studied services as it implies high economic impacts for
agriculture because parasitoids and predatory arthropods contribute to
controlling pest insects in crops (Gurr et al., 2003; Rusch et al., 2017).

In contrast to ES, ecosystem disservices (EDS) are defined as
ecological elements, functions and processes affecting negatively human
well-being, directly (e.g. pollen allergens), by intermediate of negative
impacts on ES (e.g. diseases from pathogens reducing pollination) or by
reinforcing other EDS (e.g. wildfire occurrence mediated by invasive
species) (Blanco et al., 2021). EDS scope on ecological phenomenon
linked to negative outcomes affecting human well-being, which must be
differenciated from the associated detriments or costs resulting from
human actions on ecosystems (Shackleton et al., 2016). In agricultural
systems, EDS affect functions and productivity, leading to important
crop losses (Zhang et al., 2007). These disservices such as herbivory or
competition for resources (e.g. water consumed by non-crop plants
(Zhang et al., 2007)) have also been extensively studied, establishing a
dominant viewpoint where insects are predominantly perceived as crops
pest and harmful to anthropogenic environments (Wyckhuys et al.,
2019; Dangles and Casas, 2019). Nevertheless, as stakeholders’ actions
may be largely driven by greater perception and willingness to reduce
EDS (Shapiro and Baldi, 2014; Blanco et al., 2019), arthropod man-
agement for either mitigating EDS or enhancing ES can also be a
powerful driver for transition towards sustainable agriculture in small-
holder systems. In particular, promising results on agroecosystem
management towards more sustainable agriculture have been reported
when including ES-EDS synergies and trade-offs (Lundin et al., 2013;
Gaba et al., 2014; Gagic et al., 2019).

To date published evidence on the relationships between arthropod-
related ES and the sustainability of agricultural practices has been
largely based in research from high-income countries (HICs) and
temperate regions (Steward et al., 2014; Palomo-Campesino et al., 2018;
Struelens and Silvie, 2020). Moreover, a combined analysis of services
and disservices of arthropods in SHF systems has still to be performed for
balancing positive and negative impacts of nature on human well-being
(see (Blanco et al., 2021)) and for reframing entomological research to
achieve the SDGs (Dangles and Casas, 2019). To address this issue, we
performed a literature review capturing research trends in insect-related
ES and EDS in SHF, detecting knowledge gaps and exploring to what
extent these studies are conducted within a transdisciplinary framework
(Stern, 2018). In particular, we were interested in research practices in
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SHF considering ES and EDS in a multidimensional view of agro-
ecosystems (crops and natural habitats) and bringing together diverse
knowledge systems, especially between academic and farmer
communities.

2. Material and methods
2.1. Data base compilation

We conducted a systematic multilingual (English, Spanish and
French) review of the scientific literature in peer-reviewed journal ar-
ticles published between January 2015 and January 2021. We followed
the systematic literature review (SLR) approach and the six steps pro-
tocol commonly used for scientific review (Higgins et al., 2019; Mengist
et al., 2020). Detailed steps of the process are described in Appendix A.
We first determined the research scope with the PICOC framework
(Population, Intervention, Comparison, Outcomes and Context, see
Table A.1, Appendix A). We identified concept groups for keywords from
the terminology identified in PICOC and then ran a ‘naive search’ for
identifying search terms through an automated approach (Grames et al.,
2019) using the litsearchr R package version 1.0.0 (Grames et al., 2020)
(see Fig.A.1, Appendix A).

Then identified terms in the three languages were searched in
different databases covering a broad range of academic contexts: Web of
Science (general literature), Scopus (social sciences- oriented), BASE
(multi-disciplinary), and Scielo (multi-disciplinary). The search string
was a compilation of keywords of four main domains: Arthropods,
Agriculture, Ecosystem services and disservices, and Smallholder farming
(see the complete list of terms search in Table A.2, Appendix A). Key-
words were searched in aggregated quests, progressively filtering arti-
cles, thereby giving us an idea of the shared publications of each sub-
theme in the overall literature on arthropods. Overall, we retrieved
454,703 records on arthropods, of which 40,720 were related to agri-
culture (8.96%). Among them 14,967 articles (3.29% of total records)
were related to ES or EDS, of which 1564 (0.34%) concerned SHF. As
diversified international databases and collection of published scientific
research help cover citations more widely (Nunez and Amano, 2021),
especially for countries in L&MIC, we included bibliographic resources
from other scientific search engines, scientific libraries and scholarly
journals platforms as Dialnet, PKP Index (Public Knowledge Project) and
AJOL (African Journals OnLine), using the four main keywords groups
repeatedly in the search process. Finally, we conducted a complemen-
tary approach of citation tracking by backward snowballing (Wohlin,
2014) using articles’ reference lists. We retrieved 57 additional refer-
ences, leading to a total of 1621 articles.

All references were compiled into a unique bibliographic database
organized and arrayed to eliminate duplicates and misreferenced entries
using the revtools v. 0.4.1 (Westgate, 2019) and synthesisr v. 0.3.0 R
packages (Westgate and Grames, 2020). Article titles and abstracts in the
resulting database (n = 991) were subsequently screened to complete
inclusion-exclusion procedure according to predefined criteria (see
Table A.3, Appendix A). We excluded publications whose focus was not
relevant to SHF systems (110 articles) or for which insect sampling was
not done under real world conditions (e.g. experimental fields or labo-
ratory experiments, 105 articles). This also implied excluding studies
about intensive and high-input farming systems and those located in
HICs (81 articles). Moreover, we excluded papers in which insects were
not associated to any disservices or EDS (e.g. only inventory of diversity
without indicating a function or role in the agroecosystem, 186 articles).

After this selection process, our database included 172 publications.
These were selected for full screening and qualitative assessment, after
which 122 publications were kept (see Fig. 1, Appendix A and Appendix
C for complete list of references). The remaining 42 articles were
excluded in the last full-text reading step when arthropods were not
explicitly mentioned or ES and EDS were not clearly addressed. For the
final data extraction step, we registered in separate subset datasets all
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Fig. 1. Prisma diagram summarizing the methodological procedure of the SLR protocol from papers selection to the database formalization, towards eligibility
criteria filtering and the application of methodological plan to summarize the review information.

information related to ecosystem services (see definitions in Table A.4.1,
Appendix A), entomofauna and farmer knowledge and perceptions (see
the Data processing section). Besides bibliographic default metadata, we
registered data about country, income level (corresponding to the in-
come groups from World Bank’s Data excluding High-income econo-
mies) and study system (e.g. crop type) as well as scientific methodology
variables (e.g. participation of farmers; see Table A.5, Appendix A).

2.2. Data processing

We defined four main thematic to analyze the articles listed in the
final database and extracted information on arthropods, their services
and disservices, farmers’ knowledge and actions related to arthropod
management; the transdisciplinarity approach of the research (see
Table 1 and Table A.5). First, we examined the taxonomy of arthropod
communities and at which spatial scale they were studied (i.e. crop-
centered vs. crop in the surrounding landscape). This issue is impor-
tant when assessing arthropod-related ES and EDS as understanding
arthropod dynamics typically requires studies at the landscape scale (e.
g. see (Crespo-Pérez et al., 2011)). For this, we reported which habitats
were included in the study (i.e. agroforest, storage structures, non-crop
habitat, crop field).

Second, we used the four Millennium Ecosystem Assessment’s

Table 1
Criteria and variables extracted from the selected articles.

Criteria and variables

Article bibliographic information (year of
publication, Title, Journal, DOI, keywords, authors
name discipline and affiliation) and geographic
information (location, income level, scale)

Habitat, crop system (crop type, scale) and taxonomic

Article general information

Study of arthropods in crop

systems

Ecosystem services &

information on arthropods studied (functional guild,
taxonomic level and id.)
ES and EDS categories and functions associated with

disservices ES and EDS
Farmers knowledge and Farmers’ knowledge and perceptions (if studied),
practices arthropod management strategies
F: ¥ icipation i North, h
Transdisciplinarity armers’ participation index and North/Sout!

collaborations

(Millennium Ecosystem Assessment (Program), 2005) broad categories
of ES (provisioning, regulating, supporting, and cultural, see
Table A.4.1, Appendix A) and registered all arthropod-related functions
reported by each article. We followed Blanco et al. (2021)’s definition of
final and intermediate EDS. We also registered whether ES or EDS were
considered alone or by multiple functions. The interaction among ES and
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EDS were visualized through a network analysis using the R bipartite
package (Dormann et al., 2008). In addition, we extracted diversity data
of arthropod taxa related to ES or EDS (taxonomic level, name and
functional guild).

Third, we gathered information on the type of farmers’ knowledge
(e.g. arthropods identification, functions, perceptions, associated
knowledge) and associated management practices regarding arthropods
in their farming systems. We also recorded all actions mentioned in the
studies for subsequent classification of values based on arthropod
management strategies (Zehnder et al., 2007; Gurr et al., 2004) (see
Table A.4.2) and whether chemical pesticides were used.

Fourth, we analyzed to what extent the research works had been
developed through a transdisciplinary approach. Transdisciplinarity
addresses relations between science and society, making trans-
formations from science building process and involving stakeholders
since the first stages of research process to better target problems (Jahn
et al, 2012). To assess whether research processes encompassed
knowledge co-construction and sharing, we set a farmers’ participation
index (FPI) adapted from the typology proposed by Pretty (Pretty, 1995)
and Brandt et al. (Brandt et al., 2013). The five levels of the FPI reflect
the degree of involvement of farmers in research process, from an
absence of farmers or no implicit participation (FPI = 0) to a shared and
coordinated implication of farmers in research (FPI = 5; see Table A.4.3,
Appendix 1 for details). In addition, we identified the person involved in
arthropod identification (researchers or farmers). All statistical analyses
and graphs were performed using R 4.0.4 (R Core Team, 2021).

3. Results

The 122 selected studies were conducted predominantly in Sub-
Saharan Africa (50.4% of studies), Latin America & Caribbean
(28.5%) and East Asia & Pacific (15.3%). Overall, 44% of the studies
were conducted at a regional scale, 39.0% focused on local scale and
15.0% covered national or transnational scales. In total, 79.5% of the
publications were English-language performed, followed by Spanish or
bilingual version English/Spanish (13.9%) and French (6.5%). Research
disciplines concerned mainly “Agriculture and Agronomy” (38.5% of
publications), Ecology-Biology (20.5%) and Entomology (17.2%), with a
low occurrence of studies belonging to social sciences, economics or
multidisciplinary approaches (4.1% each) (see Fig. B.1, Appendix B).

The majority of publications focused either on crop fields (64.8%),
agroforests (14.8%) or crop storages (10.7%), encompassing 68 different
crops (mostly maize, coffee, beans, cassava, cacao, rice, potatoes and
combined vegetable or fruits). In most cases (37.6%), those systems
were polycultural (including intercropping and associated crops) with
monoculture and mixed (monoculture-polyculture) systems represent-
ing 22.2% and 17.1% of the studies, respectively. Most works (70.2%)
studied insect-plant relationship only at the plot-level (either the crop,
the agroforest or the storage alone) and only 29.8% included the sur-
rounding habitats (Fig. 2).

Articles studied either one (51.6%) or various (48.4%) arthropod-
related ES and EDS. Because several services could be analyzed in a
single study, the total number of studied ES and EDS was higher (228)
than the total number of studies (122). Most studies focused on regu-
lating ES (44.7% of studies) and EDS (37.14%). Only 6.86% of services
referred to cultural services, and even fewer to provisioning and sup-
porting services (7.43 and 4%, respectively). Overall, 16 main categories
of ES and EDS were covered (Fig. 3). Arthropod functions and processes
in SHF agrosystems were mostly related to pests, either their damage or
their control (34.65% and 23.68%, respectively). For instance, articles
reported arthropod-related damages concerning herbivory on plants
(Novais et al., 2016) and consumption of stored grains (Midega et al.,
2016), while potential of pest control by natural enemies was studied
through parasitism and predation processes (e.g. larval parasitoids
(Diatte et al., 2018)). Besides, pollination and hive-related products
(honey, wax) represented 15.35% and 6.14% of the investigated
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Fig. 2. — Percentage of reviewed articles according to the agroecosystem
context in which arthropod-related ES and EDS were studied. Two levels were
identified: (1) crop-centered (either the crop, the agroforest or the storage
alone), and (2) crop and surrounding habitats.

functions, respectively (Table B.1, Appendix 2). These were studied to
illustrate changes in knowledge and practices (e.g. honey consumption
(Contreras Cortés et al., 2020)) and potential benefits from pollinators
(e.g. contribution for crop pollination and household income (Rodriguez
et al., 2020)). The remaining ES include education, medicinal, cultural
or heritage services, and a lower proportion of services related to soil
processes (matter recycling, soil fertility), bioindicator species, hand-
craft manufacturing or direct selling. These ES were considered through
educational purposes (e.g. promoting interest and awareness (Marques
et al., 2017)) and to examine the links between farmers’ knowledge and
decision-making (Beltran-Tolosa et al., 2020). Jointly studied functions
were mainly “crop pest and pest control” (33.6% of articles) and, to a
lesser extent, “pollinator-related services and educational and cultural
services” (20.5%). A low proportion of the reviewed literature (6.6%)
assessed more than three functions together, often associated to cultural
services or crossroads between cultural and regulating services (Fig. 3).

Three main categories accounted for the most studies on crop dam-
age, pest control and pollination (Figs. B.4, B.5 and Tables B.2). The
most studied taxa belonged to the hymenoptera (Fig. 4), either as nat-
ural enemies (e.g. parasitoid wasps), pollinators (e.g. domestic or wild
bees) or pests (e.g. ants). Furthermore, many arthropod taxa were
studied in intercropping systems (i.e. multiple crop fields, mixed or
rotation cropping and agroforestry), stressing the key part of landscape
heterogeneity in smallholder farming.

Only 4.9% of all articles assessed the management of both pollinators
and natural enemies and/or pests (see Fig. B.2.1, Appendix B). Except
for integrated pest management (mentioned in 10.6% of articles), op-
tions that represented combined forms of different arthropod manage-
ment were rarely evaluated in the same study. Regarding management
practices, farmers’ strategies to improve an ES or counter an EDS mostly
concerned chemical, organic and cultural practices for pest and habitat
management (Fig. 5). Most of them were related to pest control and
implied pesticide applications (chemical or botanical). Nevertheless,
several management strategies sought to improve environmental quality
of agroecosystems. Arthropod management included traditional prac-
tices mostly by habitat management (crop and non-crop). Other com-
mon strategies were related to storage facilities (e.g. hermetic bags) and
pest control (e.g. use of ash dust).

Overall, 40.2% of articles addressed farmers’ perceptions, actions
and/or knowledge related to arthropods in SHF. Research covering
farmers’ knowledge or perceptions was mainly carried on cultural ser-
vices (i.e. education, cultural heritage), especially for pollinator-related
services (e.g. medicinal uses and production of honey and beeswax)
(Fig. 6). In contrast, farmers’ knowledge or perception was not prevalent
in common agricultural services like pollination or pest-related
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Fig. 3. Main categories of arthropod-related ecosystem services and disservices reported in the reviewed literature concerning smallholder farming systems. The size
of the circles represents the number of studies on each ES or EDS and the lines represent the frequency ES or EDS studied jointly in the same article.

functions (damage and control). Very few studies addressed farmers’
point of view on processes related to soil and to species as bioindicators.

Overall, farmers’ opinion and knowledge was poorly considered
(Fig. 7) as 73.8% of all articles had a participation index (FPI) scoring
0 or 1. In particular, farmers were poorly involved in the identification
or survey processes: 78.2% of the 1264 taxa registered in the 122 articles
were studied without local stakeholders (farmers, extensionists or stu-
dents; Fig. B.3, Appendix B). Farmers’ involvement was mainly passive
through surveys or on-field sampling, and mostly aimed at collecting
agronomic data, without consideration of their viewpoint in research
questions or methods definitions. Furthermore, 17.2% of articles did not
report any or not explicitly mention farmer’s involvement within the
research process (FPI = 0).

4. Discussion

In this review, we evaluated current literature on arthropod-related
services and disservices in smallholder systems. Despite an increasing
number of studies focusing on insect-related services in the last decades
(Noriega et al., 2018; Dangles and Casas, 2019; Ameixa et al., 2018;
Crespo-Pérez et al., 2020), we found that only 9.0% of the arthropod
literature concerned agricultural systems. Even more challenging, only
0.34% of the search outputs referred to SHF, albeit 84% of the world’s
farms are small-holding, operating on about 12% of the world’s land
(Lowder et al., 2016). These results are in line with recent findings
pointing that agricultural ES research is strongly biased towards large-
scale intensive farming landscapes and temperate biomes in HICs
(Steward et al., 2014; Palomo-Campesino et al., 2018). This review is
subject to limitations inherent to the chosen scope and focus on recent

literature (2015-2021). In addition, it is likely that some SHF studies
from L&MIC may not be published in indexed peer-reviewed journals
but rather in technical reports or local academic canals, keeping several
potentially relevant documents out of our scope. Similarly, despite a
multilingual search, we might have omitted several references, partic-
ularly from the Asian continent, which is a limitation commonly re-
ported in the literature (Nunez and Amano, 2021; Amano et al., 2016).

4.1. Ecosystem services and disservices

Agricultural ES and EDS related to arthropods mainly concerned
regulating services. Most studied functions concerned pest, which re-
flects the longstanding negative view of arthropod roles in agro-
ecosystems (Dangles and Casas, 2019). In most cases, arthropods were
studied only as pests (Canico et al., 2020a; Bigirimana et al., 2019) or
pest antagonists (Diatte et al., 2018; Sisay et al., 2018; Canico et al.,
2020b) with no consideration of other ecological roles they could play.
However, as smallholders’ actions may be driven mainly by EDS
reduction (i.e. limiting crop damage by pests), the negative impacts of
these actions on ES supply should also be taken into account (Blanco
etal., 2021). A few studies assessed floral visitors as potential enhancers
of yield (Zou et al., 2017; Popak and Markwith, 2019) but almost none
considered both pest control strategies and the maintenance of benefi-
cial insects (but see (Motzke et al., 2015)). Moving in that direction,
Integrated Pest Management (IPM) strategies could be adjusted for
pollinator protection practices along with other beneficial arthropods
for the agroecosystem (Biddinger and Rajotte, 2015). This relatively
new paradigm of integrated pest and pollinator management (IPPM)
merges both the welfare of all pollinators into the crop pest protection
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Fig. 4. Main arthropod orders in connection with their functions as pollinators (orange), natural enemies (blue) and pests (red) within the crop systems studied. Line
width represents number of taxa reported by article for each function. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

programs and benefits of alternative pollinators into crop production
(Biddinger and Rajotte, 2015; Lundin et al., 2021). IPPM can fit small-
holder farming sustainable objectives as it intends to minimize trade-offs
between ES and EDS, and to maximize co-benefits and synergies from
insect management (Lundin et al., 2021). However, any application of
these principles calls for extensive transdisciplinary research among
scientists, farmers and stakeholders in order to develop collectively on-
field trials and monitoring instruments, but also to co-design decision
support tools and evaluation of IPPM adoption (Egan et al., 2020).

4.2. Habitats and crops: lacking a multilevel perspective

In the reviewed literature, arthropods were mainly studied sepa-
rately along the food production process (i.e. either crop, surrounding
habitats or post-harvest storage). However, agricultural ES and EDS
require a wider consideration of the different crop stages, including
management of harvested products (Mendoza et al., 2017; Sankara
et al., 2017) as well as crop and non-crop habitats (Medeiros et al.,
2019). This is especially important for ES and EDS related to arthropods
whose life cycles often encompass both cultivated and natural habitats.
The lack of a landscape level consideration may hamper farmers’ actions
and proper management strategies. Indeed, the majority of reviewed
papers presented pest management through chemical pesticide appli-
cations in the different crop system components (i.e. crop field, sur-
roundings, crop storage facilities) while more sustainable management
of traditional SHF requires a multidimensional view of the system (e.g.
to favor pest natural enemies though the maintenance of flower-hedges,
semi-natural habitat, Fig. 2 (Kansiime et al., 2021; Blandi et al., 2016)).
Farmers aware of the role of the entomofauna at the landscape level
could lower pesticide use, even if their awareness is oriented towards
phenomena they observe in their fields or storages (Djuideu et al.,
2020). Indeed, various articles raised the importance of increasing the
entomological literacy of farmers, for example through training pro-
grams on pollinators (e.g. multiple roles of bees), to achieve sustainable
management actions in SHF (Elisante et al., 2019). Arthropods also

support social practices and cultural values (i.e. cultural heritage) by
enabling the identification and analysis of changes in intergenerational
transmission of knowledge (e.g. about native stingless bees, see (Con-
treras Cortés et al., 2020)).

4.3. Farmers’ knowledge, perception and practices

We found few studies focusing on how farmers’ knowledge is linked
to arthropod-related ES (e.g. (Sawe et al., 2020)). A similar trend was
documented by Rawluk & Saunders (Rawluk and Saunders, 2019) who
pointed at the scarcity of documentation of farmers’ knowledge on
beneficial insects’ biology or ecology in agroecosystems. Farmer’s
knowledge or perception mainly concerned pest-related functions (i.e.
damage or control) because of the strong interdependence of small-
holder farming on pest threats and risks. This makes control techniques
essential to increase productivity while dealing with harsh environ-
mental conditions (FAO, 2016; Meza, 2014). The few articles directly
engaging emic local knowledge systems on arthropod-related ES dealt
primarily with bees’ handling (e.g. (Contreras Cortés et al., 2020)).
These practices cover a broad range of cultural, medicinal or educational
services that contribute to empowering biocultural diversity and
endogenous development (IPBES, 2016, Duffus et al., 2021). These re-
lationships would be worth studying further and together with other
services or disservices to assess potential tradeoffs and synergies in the
agricultural system.

The objectives of most articles were either to identify and/or study
the biology/ecology of arthropod species providing specific ES (e.g. how
a bee taxon pollinates a given crop or plant). However, several articles
reported farmers being unable to recognize or identify arthropods and/
or their functions correctly (Sawe et al., 2020; Mkenda et al., 2020;
Munyuli et al., 2017), leading to inappropriate arthropod management
(Wyckhuys et al., 2019; Rawluk and Saunders, 2019). Furthermore,
local beliefs in spontaneous generation can substitute concepts of insect
reproduction and metamorphosis cycles (Bentley, 1989). These state-
ments illustrate the mismatch between scientific and local knowledge
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that can be detrimental to cope with agronomic problems (e.g. new
species outbreaks in changing environments). Most farmers have a
remarkable experiential knowledge of several elements in their agri-
cultural landscapes resulting from long-term human-agrobiodiversity
interactions (Brush, 2008; Hill et al., 2020). However, certain aspects
might be difficult or impossible to observe such as the morphological
differences between immature stages of two different pest species or the
predatory behavior of small parasitic wasps of crop herbivores. This may
affect farmers’ understanding of pest damage and biocontrol. For
example, farmers can easily observe that insect pests may be preyed
upon by vertebrates (e.g. birds) but not by other insects or microor-
ganisms (Bentley, 1989). Likewise, farmers might over-react to certain
pests that cause sub-economic damages or may perceive non-pest spe-
cies as threatening (Bentley, 1989; Tarakini et al., 2020). Misidentifi-
cation remains the main issue reported in the literature, either for

networks fiber relations heritage parasite
ransmiss

T v T T T
social cultural disease/ comm. other
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species names or for their ecological functions (Elisante et al., 2019). On
the other hand, even professional entomologists may have a limited
knowledge on the taxonomy and ecology of many arthropods living in
tropical SHS. It is therefore mandatory to reinforce transdisciplinary
research by fostering the complementarity between local and scientific
knowledge for arthropod management in SHF (e.g. (Liebig et al., 2016)).
The recognition of local classifications could be an opportunity to build
synergies between knowledge systems (Krause et al., 2010) and generate
a common vision of arthropod communities.

In the reviewed literature, scientists made the vast majority of
taxonomic identifications, asking farmers subsequently to recognize
them and then evaluate/validate their knowledge. Very few studies
proceeded to recognize local categories and how arthropods were locally
classified or named (Contreras Cortés et al., 2020; Beltran-Tolosa et al.,
2020). This perspective widens the gaps between scientific and farmer
knowledge, potentially affecting the effective implementation of more
sustainable agriculture practices (Liebig et al., 2016; Parsa et al., 2014;
Vidogbéna et al., 2016). Among the great diversity of insect species,
farmers may name a set of organisms by a single term, even when they
are not related species (Munyuli et al., 2017; Gurung, 2003). Ethno-
entomological studies have shown that a lack of name designation
does not always reflect a missing category, as when a combination of
words or concepts encompasses adjacent categories (Bentley, 1989;
Costa-Neto, 2000). Folk entomological classifications include cultural,
social and ecological dimensions to differentiate life-forms based on
morphologic, biological, behavior, utilitarian and psycho-emotional
criteria (Hill et al., 2020; Krause et al., 2010). Thus, involving folk
and farmers’ knowledge systems that differ from the taxonomic systems
may allow broadening the scope of research in the direction of knowl-
edge co-construction through. This may be achieved through the
development of collective referential categories between scientific and
folk knowledge systems (Krause et al., 2010) or through a monitoring of
knowledge changes (Brondizio et al., 2021) (e.g. loss of knowledge and
biocultural diversity around beekeeping practices as in (Contreras
Cortés et al., 2020)). Including emic knowledge and intrinsic value of
entomofauna in SHF may also help to better understand their socio-
ecological roles in the agroecosystem, as proposed for pollinators
(Contreras Cortés et al., 2020; Marques et al., 2017) and natural enemies
(Beltran-Tolosa et al., 2020; Mkenda et al., 2020).
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4.4. Transdisciplinary practices

While several authors recognized the importance of including
farmers in agroecosystem ES and EDS studies, our review shows that
questions related to local knowledge remained of limited interest for
researchers. Poor participation of farmers and local people is a persistent
problem in agricultural ES research (Rawluk and Saunders, 2019; Kanter
et al., 2016) and may have long-term implications to link different types
of experience around a common problem (e.g. pollination deficit
(Christmann et al., 2021)). Applying transdisciplinary research concepts
and methods may address this issue by favoring the initial co-design and
co-creation of collaboration frameworks and research questions, the
bidirectional information fluxes between scientists and farmers and the
building of a solution-oriented knowledge (Liebig et al., 2016; Landis
et al., 2016; Bartomeus and Dicks, 2019). In our review, only three
studies out of 122 actively engaged farmers (FPI = 5, Fig. 7). These
works documented the successful application of participatory ap-
proaches. For example by improving pest control networks Landis et al.
(2016) (Landis et al., 2016) report on capacity building on IPM practices
for wheat, providing a common learning process for farmers, crop ad-
visors, and students. Also Smith et al. (2017) (Smith et al., 2017) pro-
posed a coordinated pollinator management plan integrating both local
and scientific knowledge while Christmann et al. (2017) (Christmann
et al., 2017) investigated human values regarding friendly actions for
pollinator protection by a participatory approach focusing on farmers
decision making. Such initiatives may not only trigger large system
change and achieve broader systemic impact on SHF but also catalyze
sustainable agriculture transition process as it combines both knowledge
(scientific advancement) and social processes among actors.

5. Conclusion

Our review revealed that arthropod management research in small-
holder systems still mainly focuses on pest control at the field level. It is
urgent to develop a more holistic approach of arthropod communities,
both detrimental and beneficial to people, in cultivated and surrounding
natural habitats. People and arthropods have lived in close interactions
for centuries, yet research studies rarely include traditional knowledge
to coproduce management options. Building innovative trans-
disciplinary collaborations are urgent to improve the development of
sustainable solutions in arthropod management for smallholders.
Traditional arthropod related knowledge and management (e.g. prac-
tices for conserving pollinators and/or natural enemies (Kansiime et al.,
2021; Blandi et al., 2016)) can get forceful when combined with agro-
ecological innovations and oriented towards applications-driven science
and socioeconomic relevance (Altieri, 2004; Tarakini et al., 2020; Liebig
etal., 2016; Dangles et al., 2010). It is more than ever timely to integrate
on the same level both ecological and human dimensions of arthropod-
related ES and EDS in smallholder farming.
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